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We treat theoretically Shapiro steps in tunnel Josephson junctions with spatially alternating crit-
ical current density. Explicit analytical formulas for the width of the first integer (normal) and
half-integer (anomalous) Shapiro steps are derived for short junctions. We develop coarse-graining
approach, which describes Shapiro steps in the voltage-current curves of the asymmetric grain bound-
aries in YBCO thin films and different superconductor-ferromagnet-superconductor Josephson-type
heterostructures.
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I. INTRODUCTION
Series of resonances exist in Josephson tunnel junc-
tions biased at an alternating voltage V (t) = V0 +
V1 cosω1t.
1,2,3 In junctions of conventional superconduc-
tors these resonances appear at the frequencies ω0 =
2eV0/h¯ = nω1, where n is an integer. At the resonant
values of the dc voltage V0 = nh¯ω1/2e the supercurrent
has a dc component. In the voltage-current curve Shapiro
resonances reveal itself as a “ladder” of equidistant values
of V0 (integer Shapiro steps).
1,2,3
The physical origin of Shapiro steps follows from the
Josephson equations j = jc sinϕ and ϕ˙ = 2eV/h¯, where
j and jc are the tunneling and critical current densi-
ties, and ϕ is the phase difference across the junction.
In order to find the current across the junction we inte-
grate the voltage V (t) and find the time-dependent phase
ϕ(t) = ϕ0 + ω0t + v1 sinω1t. In this relation ϕ0 = ϕ(0)
is the initial value of the phase and v1 = 2eV1/h¯ω1 is
the dimensionless parameter of the problem. Knowing
ϕ(t) we obtain the tunneling current density in the form
j(t) = jc sin(ϕ0 + ω0t+ v1 sinω1t). This formula demon-
strates that j(t) is a complex alternating function of time.
Fortunately, j(t) can be transferred into a series allowing
for an easy qualitative and quantitative analysis2,3
j = jc
∞∑
n=−∞
(−1)nJn(v1) sin[ϕ0 + (ω0 − nω1)t], (1)
where Jn(x) is the first kind Bessel function of order n.
It is seen from Eq. (1) that for any resonant frequency
ω0 = nω1 the supercurrent density j has a dc component
∝ sinϕ0, which reaches its maximum, jm, at ϕ0 = pi/2.
As a result the maximum value of the dc current density
is given by jm = jcJn(v1) .
2,3
Anomalous Shapiro steps at the subharmonic reso-
nant frequencies ω0 = (n/q)ω1 (q > n, where q and n
are integers) were treated theoretically for short micro-
bridges of conventional superconductors assuming that
the current-phase relation includes high-order harmonic
terms.4 Qualitatively the effect of terms jq sin(qϕ) on the
supercurrent density j follows from Eq. (1). Indeed, sub-
stituting ϕ0, ω0 and v1 by qϕ0, qω0 and qv1 we find that
0
jc
l
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FIG. 1: Schematic diagrams: (a) Josephson junction made
of periodically interchanging 0 - and pi -biased fragments; (b)
alternating critical current density distribution.
at any subharmonic frequency ω0 = (n/q)ω1 the super-
current density j has a dc component ∝ sin qϕ0. In this
case the maximum value of j corresponds to the phase
ϕ0 = pi/2q and is given by jm = jqJn(qv1).
Observation of anomalous half-integer Shapiro steps
has been reported recently for asymmetric grain bound-
aries in YBCO films5 and superconductor-ferromagnet-
superconductor (SFS) heterostructures.6,7,8
Qualitative explanations of the origin of the anomalous
Shapiro steps were proposed to understand the results of
these experiments mainly by revealing the existence of
second harmonic term, sin 2ϕ, in the current-phase re-
lation (CPR). It was shown that data measured for the
asymmetric grain boundaries in YBCO are indeed consis-
tent with existence of the term sin 2ϕ in the CPR.9,10,11
In the case of SFS junctions, it was assumed that there
is doubling of the Josephson frequency, which leads to
a sin 2ϕ term in the CPR. It was suggested that this
frequency doubling is caused by splitting of energy lev-
els in the ferromagnetic exchange field.6 An alternative
explanation8 assumes existence of a resonance between
the spontaneous currents and rf modulation.12
Asymmetric grain boundary junctions in YBCO thin
films and SFS heterostructures are arranged in sequences
2of interchanging 0 - and pi -shift tunneling junctions as
shown in Fig. 1. pi -shifts spontaneously appearing
across superconducting banks of tunnel junctions were
first considered for SFS heterostructures.13,14 These pi -
shifts lead to negatively biased critical current density,
jc, and anomalous Josephson properties of sequences
of 0 - pi biased tunnel junctions.15,16,17,18,19,20 The ob-
served anomalies are especially significant if the lengths
of 0 - and pi -fragments are much less than the Josephson
penetration depth λJ defined by the spatial average of
|jc|.21,22,23,24
Thus, several qualitative explanations have been put
forward to understand the physics of fractional Shapiro
steps. However, to the best of our knowledge there is
at present no theoretical model describing the anoma-
lous Shapiro steps and their basic features in Josephson
junctions with alternating critical current density.
In this paper we treat Shapiro steps in Josephson junc-
tions arranged in periodic or almost periodic sequences
of interchanging 0 - and pi -biased fragments with l≪ λJ .
We develop a coarse-graining approach which is applica-
ble to treat time-dependent phenomena.
In our theoretical model we assume that the tunnel-
ing current density is given by the standard CPR depen-
dence j = jc(x) sinϕ(x, t), but with a critical current
density, jc(x), spatially alternating along the Josephson
junction. As an illustration we treat the case of a short
junction that allows to obtain explicit analytical results.
We demonstrate that in Josephson junctions with spa-
tially alternating critical current density the half-integer
(anomalous) Shapiro steps exist in addition to the integer
(normal) Shapiro steps. We calculate the dependence of
the width of these steps on the flux inside the junction
and the voltage across the junction.
The organization of this paper is as follows. In Sec. II
we review briefly the coarse-graining approach to Joseph-
son junctions with spatially alternating critical density.
In Sec. III this general approach is applied to calculate ex-
plicit formulae for the width of the integer (normal) and
half-integer (anomalous) Shapiro steps in short junctions.
Sec. IV discusses these results.
II. JOSEPHSON JUNCTION WITH SPATIALLY
ALTERNATING CRITICAL CURRENT DENSITY
Consider a tunnel junction of length L (0 ≤ x ≤ L)
with a critical current density jc(x) alternating with a
length-scale l ≫ λ, where λ is the London penetration
depth (see Fig. 1 for the geometry of the problem). It is
convenient for the following calculations to write
jc(x) = 〈jc〉[1 + g(x)] , (2)
where 〈jc〉 is the average value of jc(x) defined as
〈f〉 = 1
L
∫ L
0
dx f(x) . (3)
The function g(x) describes spatial variations of jc(x)
and has a zero average value, 〈g(x)〉 = 0. In what follows
we are interested in the case of small average values of the
critical current density, i.e., we assume that 〈jc(x)〉 ≪
〈|jc(x)|〉. This condition means that the typical value of
the dimensionless function g(x) is big compared to unity
or in other words 〈|g(x)|〉 ≫ 1.
In the above notations equation for the phase difference
ϕ(x, t) across the junction reads
τ2ϕ¨− Λ2ϕ′′ + [1 + g(x)] sinϕ = 0 , (4)
where 1/τ is the Josephson frequency, and Λ is the effec-
tive Josephson penetration depth,
Λ2 =
cφ0
16pi2λ〈jc〉 . (5)
We treat now a sample subjected to magnetic field Ha
and alternating voltage V (t) = V0 + V1 cosω1t applied
across the junctions. It is assumed that 2eV1 is small
compared to h¯ω1, i.e., v1 = 2eV1/h¯ω1 ≪ 1. In this case
coarse-graining can be applied to solve Eq. (4).23
Two types of terms appear in Eq. (4): terms alter-
nating over the length l and smooth terms varying over
the length Λ≫ l. The fast alternating terms cancel each
other, independently of the smooth terms, which also
cancel each other. Therefore, we write23
ϕ(x) = ψ(x) + ξ(x) , (6)
where ψ(x) is a smooth function with the length-scale of
order Λ and ξ(x) alternates with the length-scale of order
l. Under the above assumptions the average value of ξ(x)
is zero and the typical amplitude of variations of ξ(x) is
small, i.e., 〈ξ(x)〉 = 0 and 〈|ξ(x)|〉 ≪ 1.23,24,25,26
Substituting Eq. (6) into Eq. (4) and keeping terms up
to first order in ξ(x) we find23
Λ2ψ′′ − jψ(x)〈jc〉 = 0 , (7)
Λ2ξ′′ − jξ(x)〈jc〉 = 0 , (8)
where the smooth jψ(x) and alternating jξ(x) compo-
nents of the tunneling current density j = jψ + jξ are
jψ = 〈jc〉 (sinψ − γ sinψ cosψ) , (9)
jξ = 〈jc〉 g(x) sinψ . (10)
The dimensionless constant γ is equal to
γ = 〈g(x)ξg(x)〉 = Λ2〈ξ′2g (x)〉 > 0 , (11)
and the rapidly alternating phase ξg(x) is defined by
ξ(x) = −ξg(x) sinψ . (12)
It follows from Eqs. (8), (10) and (12) that
Λ2ξ′′g + g(x) = 0 , (13)
3i.e., the rapidly alternating phase shift ξg(x) is a charac-
teristics of a sample.
To summarize the coarse-graining approach it is worth
noting that the typical values of ξg(x) are small, but at
the same time the typical values of g(x) are big, i.e.,
〈|ξg(x)|〉 ≪ 1 and 〈|g(x)|〉 ≫ 1. As a result, the dimen-
sionless parameter γ, which is proportional to the average
of the product of the two rapidly alternating functions
ξg(x) and g(x) might be of the order of unity.
23,24 The
value of ξ′g can be estimated as ξ
′
g ∼ ξg/l. It follows then
from Eq. (11) that 〈 ξ2g〉 ∼ γl2/Λ2 ≪ 1. Therefore for ξ′g
we have the estimate Λ〈|ξ′g|〉 ∼
√
γ ∼ 1.
III. SHAPIRO STEPS IN SHORT JUNCTIONS
In a short junction (L≪ Λ) ψ(x, t) is almost linear in
x, the time dependence of ψ(x, t) is given by V (t), and
ψ′(x, t) =
4piλ
φ0
Hi(t) , (14)
ψ˙(L/2, t) =
2e
h¯
V (t) , (15)
where Hi(t) is the time-dependent field in the junction.
At the sample edges the derivative ϕ′ = ψ′+ ξ′ is pro-
portional to the field H |0,L including the self-field gen-
erated by the total current I.27 In the case of a short
junction we obtain(
Ha
Hs
∓ 1
2
I
Is
)
0,L
= Λϕ′
∣∣
0,L
= Λψ′
∣∣
0,L
+ Λξ′
∣∣
0,L
, (16)
where Hs = φ0/4piλΛ, Is = 〈jc〉Λ. It follows from Eq.
(12) that the derivative ξ′ = −ξ′g sinψ. In order to find ξ′g
we integrate Eq. (13) from 0 to L and arrive to the rela-
tion ξ′g(0) = ξ
′
g(L), which allows to rewrite the boundary
condition (16) in the final form(
Ha
Hs
∓ 1
2
I
Is
)
0,L
= Λψ′
∣∣
0,L
− α sinψ
∣∣
0,L
, (17)
where the terms α sinψ
∣∣
0,L
are caused by the high-density
edge currents and α is a constant. It is worth noting here
that α is a characteristics of a sample. Next, using the
above estimate for ξ′g we obtain
α = Λξ′g
∣∣
0,L
∼ √γ ∼ 1. (18)
To summarize the above analysis, we find that in the
coarse-graining approach the Josephson junctions with
spatially alternating critical current density and l ≪ λJ
are characterized by two dimensionless parameters γ (for
the inner part of the junction) and α (for the edges of
the junction), where λJ =
√
cφ0/16pi2λ〈|jc|〉 ≪ Λ is the
local Josephson length.
Next, we find the derivatives ψ′
∣∣
0,L
using the first in-
tegral of Eq. (7), that can be written as
Λ2
2
ψ′2 + cosψ − γ
4
cos 2ψ = Const. (19)
Finally, we combine Eqs. (17) and (19) relating the total
current I, applied field Ha, and phase ψ at the edges. In
the case of a short junction we find
I = 2Is sin
(
pi
φi
φ0
){
α cosψm −
− L
2piΛ
φ0
φa
[
1− γ cosψm cos
(
pi
φa
φ0
)]
sinψm
}
,(20)
φi = φa +
α
2pi
L
Λ
φ0 cos
(
pi
φa
φ0
)
sinψm , (21)
ψm = ψ(L/2, t) = ψ0 + ω0t+ v1 sinω1t, (22)
where the “applied”, φa, and “internal”, φi, fluxes are
defined as φa,i = 2LλHa,i, ω0 = 2eV0/h¯, and ψ0 is a
constant, which is used to maximize the total current I.
Calculation of the width of Shapiro steps similar to the
one given by M. Tinkham3 leads to the following results:
two series of steps appear at frequencies
ω0 = (n+ 1/2)ω1 and ω0 = nω1, (23)
where n is an integer.
In the case of low oscillating voltage (v1 ≪ 1) we obtain
the widths of the first half-integer, I 1
2
(φa), and the first
integer, I1(φa), Shapiro steps in the form
I 1
2
= v1Ic
∣∣∣∣α2 cos2
(
pi
φa
φ0
)
+
γφ0
2piφa
sin
(
2pi
φa
φ0
)∣∣∣∣ , (24)
I1 = v1Ic
√(
αΛ
L
)2
+
(
φ0
piφa
)2 ∣∣∣∣ sin
(
pi
φa
φ0
)∣∣∣∣ , (25)
where Ic = 〈jc〉L. Explicit formulas (24) and (25) reveal
quite a few remarkable features of I 1
2
(φa) and I1(φa). In
what follows we discuss them in details.
IV. RESULTS AND DISCUSSION
The function I 1
2
(φa) is equal to zero for the two se-
ries: φa = (n+ 1/2)φ0 and φa = (n− ψθ/pi)φ0, where n
is an integer and ψθ is defined by tanψθ = piα
2φa/γφ0.
The angle ψθ depends on φa, i.e., in general, the roots of
equation I 1
2
(φa) = 0 are not equidistant and the actually
observed dependence I 1
2
(φa) is defined by the dimension-
less ratio ψa = γ/2piα
2.
Next, it follows from Eq. (24) that for φa = 0 the width
of the first anomalous half-integer step I 1
2
(0) equals to
v1Ic(γ + α
2). In the low-flux region (φa/φ0 ≪ ψa) the
main contribution to I 1
2
(φa) comes from the second term
in Eq. (24). This term originates from the alternating
currents flowing across all junctions. As a result, in the
low-flux region we have I 1
2
∝ (φ0/2piφa)| sin(2piφa/φ0)|,
i.e., I 1
2
(φa) is described by the Fraunhofer pattern but
with a double frequency. In Fig. 2 (a) we show I 1
2
(φa) in
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FIG. 2: Dependence of the width of the first half-integer
Shapiro step, I 1
2
, on applied flux, φa, given by Eq. (24) for
γ = 1.5 and (a) α = 0.03, (b) α = 0.3, and (c) α = 1.
the low-flux region (φa/φ0 ≪ 250) for the data α = 0.03
and γ = 1.5, which lead to ψa ≈ 250.
In the high-flux region (φa/φ0 ≫ ψa) the main contri-
bution to I 1
2
comes from the first term in Eq. (24). This
term originates from the high density currents flowing
across the edge junctions. As a result, in the high-flux
region we have I 1
2
∝ cos2(piφa/φ0), i.e., I 1
2
(φa) is a pe-
riodic function. In Fig. 2 (c) we show I 1
2
(φa) in the
high-flux region (φa/φ0 ≫ 0.25) for the data α = 1 and
γ = 1.5, which lead to ψa ≈ 0.25.
In Fig. 2 (b) we show the function I 1
2
(φa) for the inter-
mediate values of the applied flux (φa/φ0 ∼ ψa). Using
the data γ = 1.5 and α = 0.3, we find that ψa ≈ 2.5. In
this case ψθ is strongly flux dependent. As a result the
function I 1
2
(φa/φ0) is manifestly aperiodic.
We discuss now the width of the first integer Shapiro
step, I1. It follows from Eq. (25) that I1(φa) is equal to
zero for the series: φa = nφ0, where n is an integer.
In the high-flux region (φa/φ0 ≫ L/piαΛ) the main
contribution to I1 comes from the first term in Eq. (25).
This term originates from the high density currents flow-
ing across the edge junctions. As a result, in the high-flux
region we obtain I1(φa) ∝ | sin(piφa/φ0)|, i.e., I1(φa) is
a periodic function. In Fig. 3 (a) we show I1(φa) in the
high-flux region (φa/φ0 ≫ 0.2) for the data α = 0.3 and
L/Λ = 0.2, which lead to L/piαΛ ≈ 0.2.
Next, it follows from Eq. (25) that the width of the
first integer step I1(0) equals to v1Ic. In the low-flux
region (φa/φ0 ≪ L/piαΛ) the main contribution to I1
comes from the second term in Eq. (25). This term
originates from the alternating currents flowing across all
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FIG. 3: Dependence of the width of the first integer Shapiro
step, I1, on applied flux, φa, given by Eq. (25) for L/Λ = 0.2,
and (a) α = 0.3, and (b) α = 0.003.
junctions. As a result, in the low-flux region we obtain
I 1
2
∝ (φ0/piφa) sin(piφa/φ0), i.e., I1(φa) is described by
the Fraunhofer pattern. In Fig. 3 (b) we show I1(φa) in
the low-flux region (φa/φ0 ≪ 20) for the data α = 0.003
and L/Λ = 0.2, which lead to L/piαΛ ≈ 20.
Let us now illustrate the above calculations by using a
model dependence for alternating critical current density
jc(x) = j0 + j1 sin
(
2pi
l
x+ θ
)
, (26)
where j0 = 〈jc(x)〉 and j1 are constants, θ is an angle
from the interval 0 ≤ θ ≤ pi, and L/l = N is an integer
(N ≫ 1). It follows from Eqs. (2) and (13) that
g(x) =
j1
j0
sin
(
2pi
l
x+ θ
)
, (27)
ξg(x) =
4λl2j0
cφ0
g(x) . (28)
Next, knowing g(x) and ξg(x) we use Eqs. (11) and (20)
and find the parameters
γ =
2λl2j21
cφ0j0
, (29)
α =
√
2γ cos θ . (30)
It follows from Eqs. (24) and (25) that the widths of
the first half-integer I 1
2
and integer I1 Shapiro steps are
I 1
2
=
v1j1L
cosψθ
l21
Λ21
∣∣∣∣cos
(
piφa
φ0
)
cos
(
piφa
φ0
− ψθ
)∣∣∣∣ , (31)
I1 = v1
√(
j0L
φ0
piφa
)2
+
(
j1l1
4pi
)2 ∣∣∣∣sin
(
piφa
φ0
)∣∣∣∣ , (32)
where we define tanψθ = (φ0/2piφa)/ cos
2 θ, l1 = l cos θ,
and Λ21 = cφ0/4λj1.
5An interesting feature follows from Eq.(32) for the lim-
iting case j0 = 0. Using Eq.(32) we find that if the aver-
age value of the critical current density j0 = 0, then the
width of the first integer Shapiro step equals to
I˜1(φa) =
2eV1
h¯ω1
j1l
2pi
cos θ
∣∣∣∣sin
(
piφa
φ0
)∣∣∣∣ . (33)
This current is the contribution coming from the edge
fragments and therefore the value of I˜1 does not depend
on the total length of the junction L.
V. SUMMARY
The anomalous Shapiro steps in our model exist due
to: (a) successful interference between the spatial alter-
nations of the critical current density jc(x) and phase
factor sinϕ(x, t), leading to generation of the second har-
monic in the Josephson current density; (b) high current
density at the edges of the junction resulting in anoma-
lous dependencies I 1
2
(Ha) in terms of periodicity at low
fields and asymptotic behavior at high fields.
To summarize, we demonstrate the existence of anoma-
lous half-integer Shapiro steps for short Josephson junc-
tions with spatially alternating critical current density
jc(x). We derive explicit formulas given by Eqs. (24)
and (25) for the width of the first integer and half-integer
Shapiro steps. The general approach is applied to the
case of a simple model for the critical current density
dependence on the coordinate along the junction (see
Eq. (26)). The results obtained in the framework of
this model might be useful for analysis of the experimen-
tal data for the asymmetric grain boundaries in YBCO
thin films and different superconductor-ferromagnet-
superconductor Josephson-type heterostructures.
Acknowledgments
One of the authors (RGM) is grateful to J. R. Clem, V.
G. Kogan, J. Mannhart, and C. W. Schneider for support
and numerous stimulating discussions.
∗ mints@post.tau.ac.il
1 S. Shapiro, Phys. Rev. Lett. 11, 80 (1963).
2 S. Shapiro, A. R. Janus and S. Holly, Rev. Mod. Phys. 36,
223 (1964).
3 M. Tinkham, Introduction to Superconductivity (Second
edition), Dover Publications, Inc., New York, (2004).
4 H. Lu¨bbig and H. Luther, Rev. Phys. Appl. 9, 29 (1974).
5 E. A. Early, A. F. Clark, and K. Char, Appl. Phys. Lett.
62, 3357 (1993).
6 H. Sellier, C. Baraduc, F. Lefloch, and R. Calemczuk,
Phys. Rev. Lett. 92, 257005 (2004).
7 S. M. Frolov, D. J. Van Harlingen, V. A. Oboznov, V. V.
Bolginov, and V. V. Ryazanov, Phys. Rev. B 70, 144505
(2004).
8 S. M. Frolov, D. J. Van Harlingen, V. V. Bolginov, V.
A. Oboznov, and V. V. Ryazanov, Phys. Rev. B 74,
020503(R) (2006).
9 T. Lindstro¨m, S. A. Charlebois, A. Ya. Tzalenchuk, Z.
Ivanov, M. H. S. Amin, and A. M. Zagoskin, Phys. Rev.
Lett. 90, 117002 (2003).
10 C. W. Schneider, G. Hammerl, G. Logvenov, T. Kopp, J.
R. Kirtley, P. J. Hirschfeld and J. Mannhart, Europhys.
Lett., 68, 86 (2004).
11 A. A. Golubov, M. Yu. Kupriyanov and E. Il’ichev, Rev.
Mod. Phys. 76, 411 (2004).
12 C. Vanneste, C. C. Chi, W. J. Gallager, A. W. Kleinsasser,
S. I. Raider, and R. L. Sandstrom, J. Appl. Phys. 64, 242
(1988).
13 L. N. Bulaevskii, V. V. Kuzii, and A. A. Sobyanin, JETP
Lett. 25, 290 (1977).
14 A. I. Buzdin, L. N. Bulaevskii, and S. V. Panjukov, JETP
Lett. 35, 178 (1982).
15 H. Sellier, C. Baraduc, F. Lefloch, and R. Calemczuk,
Phys. Rev. B 68, 054531 (2003).
16 Z. Radovic, N. Lazarides, and N. Flytzanis, Phys. Rev. B
68, 014501 (2003).
17 H. Hilgenkamp, Ariando, H.-J. H. Smilde, D. H. A. Blank,
G. Rijnders, H. Rogalla, J. R. Kirtley, C. C. Tsuei, Nature
422, 50 (2003).
18 A. Zenchuk and E. Goldobin, Phys. Rev. B 69, 024515
(2004).
19 V. V. Ryazanov, V. A. Oboznov, A. S. Prokofiev, V. V.
Bolginov, and A. K.Feofanov, J. Low Temp. Phys. 136,
385 (2004).
20 E. Goldobin, A. Sterck, T. Gaber, D. Koelle, and R.
Kleiner, Phys. Rev. Lett. 92, 057005 (2004).
21 J. Mannhart, H. Hilgenkamp, B. Mayer, Ch. Gerber, J.R.
Kirtley, K.A. Moler, and M. Sigrist, Phys. Rev. Lett. 77,
2782 (1996).
22 H. Hilgenkamp and J. Mannhart, Rev. Mod. Phys. 74, 485
(2002).
23 R. G. Mints, Phys. Rev. Rapid Comm. B 57, 3221 (1998).
24 R. G. Mints, I. Papiashvili, J. R. Kirtley, H. Hilgenkamp,
G. Hammerl and J. Mannhart, Phys. Rev. Lett. 89, 067004
(2002).
25 L. D. Landau and E. M. Lifshitz, Mechanics, Pergamon
Press, Oxford, (1994).
26 V. I. Arnold, V. V. Kozlov, and A. I. Neishtadt, Mathe-
matical aspects of classical and celestial mechanics (Second
edition), Springer, (1997).
27 A. Barone and G. Paterno, Physics and Applications of the
Josephson Effect, Wiley, New York, (1982).
